
Abstract. Background/Aim: With a rapidly growing number
of studies, systematic reviews (SRs) and meta-analyses (MAs)
on acupuncture, the level of evidence seems to be high. Yet,
traditional Chinese acupuncture is built on concepts which
are not in accordance with science-based medicine.
Accordingly, our aim was to critically assess the evidence
presented in SRs and MAs on xerostomia induced by
treatment of head and neck cancer with radiotherapy.
Materials and Methods: In February 2022, a systematic
search of five electronic databases (Embase, Cochrane,
PsychInfo, CINAHL and Medline) was conducted to find
SRs/MAs on acupuncture use against cancer-treatment
induced xerostomia. We evaluated all SRs/MAs using the
AMSTAR instrument, comparing the assessment of the
individual studies included and the conclusions drawn by the
authors. In case of heterogeneity between the SRs, we
evaluated the controversial items of the assessments directly
from the studies. Results: Finally, eight SRs/MAs were
included. Most of them show methodological drawbacks in
several domains of the AMSTAR instrument, which influences
the credibility of the results. Conclusion: The evidence on

the use of acupuncture as treatment for radiotherapy-induced
xerostomia is low. Present SRs/MAs mainly summarize
results of a few and mostly small studies. Even though the
included studies greatly overlap, the quality of the
presentation and interpretation of the authors differs greatly.
Therefore, a high quality and conclusive summary of the
present evidence on the use of acupuncture to treat
radiotherapy induced xerostomia is still missing. 

Acupuncture is a highly controversial topic in complementary
medicine. Being an ancient Traditional Chinese Medicine
(TCM), it is founded on concepts of health and disease, which
have been passed by modern medicine. A central part of this
concept is the flow of Qi (energy) in meridians on which there
are special points (acupoints) where needles may be inserted
to redirect the flow of Qi. Needles inserted may be manipulated
manually, electrically or by heat, to tonify, strengthen or reduce
Qi dependent on the individual’s deviation from the balanced
flow, which led to the disease or problem. From a Western
scientific point of view, neither Qi nor meridians or acupoints
exist. Furthermore, also the ancient concepts of diseases within
the TCM have been overcome by modern understanding of
pathologic processes. Nevertheless, acupuncture is attractive
for patients and physicians, offering an individualized treatment
plan, which often is called holistic treatment of the human
being as a whole and not only the disease. 
Many varieties of acupuncture have been added including

western style acupuncture, acupuncture of the ear, hand or
tongue, and electro-acupuncture. Furthermore, acupuncture
has been combined with the injection of homeopathic
products and others.  
Despite the scientific concerns on these methods, many

people, including patients and physicians had positive
experiences using acupuncture, which is widespread in the
treatment of pain. Also in cancer care, acupuncture is
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Table I. Search strategy.

Databank                      

Ovid Medline               1 (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*).ti,ab,kw. 
                                     or Acupuncture/ or Acupuncture Therapy/
                                     2 Exp Xerostomia/ or Xerostomi$.mp. or (dry$ adj2 (oral or mouth$)).mp. or Asialia$.mp. or Hyposalivation$.mp. or 
                                     Salivary adj2 hypofunction or (radioxerostomi$ or radio-xerostomi$).mp. 
                                     3 exp neoplasms/ or neoplasm$.mp or cancer$.mp. or tumo?r$.mp. or malignan$.mp. or oncolog$.mp. or carcinom$.mp. 
                                     or leuk?emia.mp. or lymphom$.mp. or sarcom$.mp.  
                                     4 1 AND 2 AND 3

Ovid Embase                1 (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*).ti,ab,kw. 
                                     or Acupuncture/ or Acupuncture Therapy/
                                     2 Exp Xerostomia/ or Xerostomi$.mp. or (dry$ adj2 (oral or mouth$)).mp. or Asialia$.mp. or Hyposalivation$.mp. or 
                                     Salivary adj2 hypofunction or (radioxerostomi$ or radio-xerostomi$).mp. 
                                     3 exp neoplasms/ or neoplasm$.mp or cancer$.mp. or tumo?r$.mp. or malignan$.mp. or oncolog$.mp. or carcinom$.mp. 
                                     or leuk?emia.mp. or lymphom$.mp. or sarcom$.mp.  
                                     4 1 AND 2 AND 3
                                     5 (4 and humans/) or (4 not animals/) 
                                     6 ((((comprehensive* or integrative or systematic*) adj3 (bibliographic* or review* or literature)) or (meta-analy* 
                                     or metaanaly* or "research synthesis" or ((information or data) adj3 synthesis) or (data adj2 extract*))).ti,ab. or (cinahl 
                                     or (cochrane adj3 trial*) or embase or medline or psyclit or (psycinfo not "psycinfo database") or pubmed or scopus 
                                     or "sociological abstracts" or "web of science" or central).ab. or ("cochrane database of systematic reviews" or 
                                     evidence report technology assessment or evidence report technology assessment summary).jn. or Evidence Report:
                                     Technology Assessment*.jn. or (network adj1 analy*).ti,ab.) or (exp Meta Analysis/ or ((data extraction.ab. or 
                                     selection criteria.ab.) and review.pt.))
                                     7 5 AND 6 

Cochrane                      #1 (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*):ti,ab,kw 
                                     or [mh acupuncture] or [mh “acupuncture therapy”]
                                     #2 [mh Xerostomia] or Xerostomi* or (dry* NEXT/2 (oral or mouth*)) or Hyposalivation* 
                                     or (Salivary NEXT/2 hypofunction) or radioxerostomi* 
                                     #3 [mh neoplasms] or neoplasm* or cancer? or tum*r? or malignan* or oncolog* or carcinom* or leuk*mia 
                                     or lymphoma? or sarcoma? 
                                     #4 #1 AND #2 AND #3

Ebsco - PsychINFO     S1 TI (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*) 
                                     or AB (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*)
                                     or MH (acupuncture or “acupuncture therapy”)
                                     S2 ((DE "Neoplasms" OR DE "Benign Neoplasms" OR DE "Breast Neoplasms" OR DE "Endocrine Neoplasms" 
                                     OR DE "Leukemias" OR DE "Melanoma" OR DE "Metastasis" OR DE "Nervous System Neoplasms" OR DE 
                                     "Terminal Cancer") OR (TX neoplasm* OR TX cancer OR TX tumo#r OR TX malignan* OR DE „oncology“ 
                                     OR TX oncolog* OR TX carcinom* OR TX leuk#emia OR TX lymphoma OR TX sarcoma)) 
                                     S3 TX Xerostomi* or TX (dry* N2 (oral or mouth*)) or TX Hyposalivation* or TX (Salivary N2 hypofunction) or 
                                     TX radio-xerostomi*
                                     S4 S1 AND S2 AND S3
                                     S5 ((comprehensive* OR integrative OR systematic*) N3 (bibliographic* OR review* OR literature)) OR (meta-analy* 
                                     or metaanaly* or "research synthesis" OR ((information OR data) N3 synthesis) OR (data N2 extract*)) OR  
                                     ((review N5 (rationale OR evidence)) AND DE "Literature Review") OR  (AB(cinahl OR (cochrane N3 trial*) OR 
                                     embase OR medline OR psyclit OR pubmed OR scopus OR "sociological abstracts" OR "web of science" OR central)) 
                                     OR DE "Meta Analysis" OR (network N1 analy*)  
                                     S6 S4 AND S5

Ebsco- CINAHL          S1 TI (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*) 
                                     or AB (acupunct* or acupoints* or electroacupunct* or electro-acupunct* or auriculoacupunct* or ear-acupunct*) 
                                     or MH (acupuncture or “acupuncture therapy”)
                                     S2 MH "Xerostomia*" OR TX Xerostomi* OR TX (dry* N2 (oral OR mouth*)) OR TX Asialia* OR TX 
                                     Hyposalivation OR TX (Salivary N2 hypofunction) OR TX radioxerostomi* OR TX radio-xerostomi* 
                                     S3 (MH "Neoplasms+" OR TX neoplasm* OR TX cancer OR TX tumo#r OR TX malignan* OR TX oncolog* 
                                     OR TX carcinom* OR TX leuk#emia OR TX lymphoma OR TX sarcoma)
                                     S4 S1 AND S2 AND S3 

Table I. Continued



propagated and the German S3 guideline on complementary
oncology (1) includes several recommendations on
acupuncture based on the rapidly growing number of studies,
systematic reviews (SRs) and meta-analyses (MAs).
Acupuncture is especially attractive to treat side effects of
cancer treatment for which standard treatments do not exist
or are not as effective as hoped for by the patients. This is
the case in neurotoxicity, nausea, pain or xerostomia.
It is still unclear if and how exactly acupuncture may

influence xerostomia. Yet, there are hypotheses addressing
how acupuncture could increase saliva secretion. Research
showed that the functions of the salivary glands are
controlled by both the sensory and autonomic nervous
systems, while the parasympathetic system exerts the most
main influence on the salivary secretion (2-4). It is
postulated, that acupuncture could stimulate the
parasympathetic and sympathetic nervous systems through
neuronal activation (5-7), which then causes the release of
neuropeptides, such as vasoactive intestinal peptide and
calcitonin gene-related peptide (7). These neuropeptides have
anti-inflammatory properties and nutritional effects on the
salivary glands and increase the blood flow in the acini. 
Both, physicians and patients put high expectations in

acupuncture, which may lead to a strong placebo-effect on
both sides. For the planning of studies, intervention, control
group, randomization, blinding of participants and
acupuncturists is crucial. Blinding for the insertion of a
needle is hardly possible. Yet, so-called sham-acupuncture
either uses sham needles which do not penetrate the skin or
sham acupoints which are not related to meridians or are far
away from points normally used in the specific situation.
Neither a blinding of patients nor physicians is efficacious
possible. Blinding remains controversial regarding any
design or interpretation of acupuncture studies. 
For most physicians and even for most scientists, the ever-

growing pool of evidence is hardly accessible. As a result,
SRs and MAs formally providing level I evidence are often

referred to for treatment decisions, recommendations in
guidelines as well as decisions in a health care system.
With a growing number of formal level I evidence, the lack

of evidence in the studies summarized in those SRs and MAs
may be overlooked. Moreover, the trustworthiness of the SRs
and MAs becomes highly important, as most probably no
reader assesses the selection and evaluation of the single
studies included but only the formal comprehensiveness of the
reporting and analysis as, for example, the flowchart of study
selection and the risk of bias assessment. 
To get a deeper insight into the reliability of SRs and

MAs, we chose a well-defined symptom for which standard
care is rather ill-defined and has low effectiveness: Dry
mouth induced by treatment of head and neck cancer.
Xerostomia may be assessed in a study using subjective
(self-assessment by the patient) as well as objective (salivary
flow rate) instruments. 

Materials and Methods

Search strategy and selection of SRs and MAs. A systematic search
was conducted in February 2022 using five databases (Medline
(Ovid), CINAHL (EBSCO), EMBASE (Ovid), Cochrane
CENTRAL and PsycINFO (EBSCO)). For each of these databases
a complex search strategy was developed consisting of a
combination of MeshTerms, keywords and text words in different
spellings connected to cancer, acupuncture therapy and xerostomia
(Table I). There was no restriction to the type of cancer. After
importing the search results into EndNote X9, all duplicates were
removed, and a title-abstract-screening was carried out by two
independent reviewers (JD/MF). Inclusion and exclusion criteria are
based on a PICO-model (details may be obtained from the authors).
We included SRs, which included mainly RCTs and used at least 2
databases with a predefined systematic search method. 
In case of disagreement, consensus was reached by discussion,

or a third review author was consulted (JH). When title and abstract
did not have sufficient information for screening purposes, the full
text copy was retrieved as well. After that, all full texts were
retrieved and screened again independently by both reviewers
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Table I. Continued

Databank                      

                                     S5 (TI (systematic* n3 review*)) or (AB (systematic* n3 review*)) or (TI (systematic* n3 bibliographic*)) or 
                                     (AB (systematic* n3 bibliographic*)) or (TI (systematic* n3 literature)) or (AB (systematic* n3 literature)) or 
                                     (TI (comprehensive* n3 literature)) or (AB (comprehensive* n3 literature)) or (TI (comprehensive* n3 bibliographic*)) 
                                     or (AB (comprehensive* n3 bibliographic*)) or (TI (integrative n3 review)) or (AB (integrative n3 review)) or 
                                     (JN “Cochrane Database of Systematic Reviews”) or (TI (information n2 synthesis)) or (TI (data n2 synthesis)) 
                                     or (AB (information n2 synthesis)) or (AB (data n2 synthesis)) or (TI (data n2 extract*)) or (AB (data n2 extract*)) or 
                                       (TI (medline or pubmed or psyclit or cinahl or (psycinfo not “psycinfo database”) or “web of science” or scopus or embase)) 
                                     or (AB (medline or pubmed or psyclit or cinahl or (psycinfo not “psycinfo database”) or “web of science” or scopus or 
                                     embase or central)) or (MH “Systematic Review”) or (MH “Meta Analysis”) or (TI (meta-analy* or metaanaly*)) or 
                                     (AB (meta-analy* or metaanaly*)) or network n1 analy*
                                     S6 S4 AND S5 



(JD/MF). Additionally, bibliography lists of all retrieved articles
were searched for relevant SRs. 
For this article, we compared the results of the assessment of the

individual studies in the different SRs with our results. 

Assessment of risk of bias and methodological quality of the SRs.
All characteristics were assessed by two independent reviewers
(JD/MF). In case of disagreement a third reviewer was consulted
(JH) and consensus was reached by discussion. 
The risk of bias (RoB) was analyzed with the AMSTAR-2

instrument for SRs or meta-analyses (8). In addition,
comprehensiveness of presentation of results and included studies,
consistencies between protocol and article, use of established
methods for data extraction and rating of RoB, adequacy of
statistical tests and calculation of meta-analysis (MA) and selective
outcome reporting were assessed. 
Additionally, we thoroughly assessed all studies included with

respect to additional aspects which may lead to bias and compared
our results to those from the SRs/MAs.

Results

Characteristics of included SRs. The systematic search
revealed 599 results. One SR was added by hand search. At
first, duplicates were removed leaving 390 publications.
After screening title and abstract, 25 SRs remained to
complete review (Figure 1). Finally, eight SRs, with 12
different controlled studies were included. One of these
controlled studies was excluded, because it measured
dysphagia (9). Additionally, 1 controlled study was included
by hand search (10). The study by Braga (2011), included by
Assy et al. (2018), Ni et al. (2020) and Bonomo et al. (2021)
(11-14), was considered an RCT by Ni et al. (2020) and Assy
et al. (2018), while it was considered a prospective cohort
study by Bonomo et al. (2021). As the authors of the study
clearly stated (“patients were assigned”), no randomization
process took place. 
We therefore included eight SRs with 10 RCTs and one

CT, as well as one additional RCT as relevant. Detailed
characterization of the included SRs can be seen in Table II
(A detailed overview of the PICO criteria of the SRs may be
obtained from the authors). 

Excluded SRs. We excluded four SRs in the full-text
screening, due to no including RCTs (15), being an update
of an already included SR with no new RCTs (16) or the
authors only searched one database (17, 18) (A list of
excluded SRs may be obtained from the authors).

Quality of the included systematic reviews. The
methodological quality was assessed with the AMSTAR-2
instrument for SRs or meta-analyses (8). The AMSTAR
contains 16 items, covering the most important quality aspects
in an SR. Only three out of the eight included SRs conducted
a MA and could therefore be assessed in this category (Item

11, 12, and 15). Except for one (19), all SRs showed
deficiencies in at least one domain of the AMSTAR-2, with
one showing deficiencies in seven domains (20). An overview
of the methodological assessment can be seen in Figure 2.

Reporting of PICO criteria and protocol deviations. Except for
two, all included reviews described the inclusion criteria
according to the PICO-model. Garcia et al. (2013) and Assy et
al. (2018) failed to describe the inclusion criteria for the
comparison groups in the method section but describe the
included comparison groups in the results section (11, 21). Two
reviews had a registered protocol in PROSPERO (13, 19), even
though we were not able to find the protocol of Furness et al.
(2013) online. The review by Mercandante et al. (2017) stated
to have developed a protocol, but there was no link in the
article, and we were not able to find it online (20).
Furthermore, Ni et al. (2020) deviated from their protocol. In
the published article, they reported searching eight databases
instead of 11, they did not search in trial registers for further
studies and most important, they changed the search string,
adopting a shorter and less precise than the one planned (13). 

Reporting of study selection, search strategy and a list of
excluded studies. Only one SR gave an explanation why they
exclusively included RCTs (22). All but Mercandante et al.
(2017) (20) presented the full search string (13, 19), gave the
information to send the full string on request (22) or gave the
terms they used (11, 12, 21, 23). Still, none of the SRs fulfilled
all criteria to entirely comply with this AMSTAR-item.
Drawbacks included not conducting further searches in
reference lists (21, 22), grey literature (or explain, why this is
not necessary) (11-13, 19-21, 23), in trial/ study registers (11,
12, 20-23) or not contacting experts in the field (11-13, 19-23). 
Only two SRs provided a list of excluded studies after the

full-text screening (19, 22), while one cites the excluded
studies in the description of the method section (12). Most
SRs only mentioned the number of studies excluded and
reasons for exclusion in the text but did not list the respective
references (11, 13, 21, 23) and Mercandante et al. (2017) gave
information in the text (20). The SR by Bonomo et al. (2021)
shows inconsistencies in the description in the text to the
reasons for exclusion in the flowchart. Furthermore, the
flowchart indicates that additional records were found through
Embase, even though Embase was prior stated as one of the
used databases in the method section (12).

Reporting of study selection and data extraction in duplicate.
Except for Bonomo et al. (2021), all included SRs stated a study
selection by two authors. Two reported that a disagreement in
study selection was solved by discussion or with a third reviewer
(13, 23), while Assy et al. (2018) and Furness et al. (2013) only
reported the option of discussion (11, 19). The information in
Bonomo et al. (2021) for study selection is unclear (12). 
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Besides Assy et al. (2018) and Mercandante et al. (2017)
(11, 20), all SRs stated a process for data extraction by two
independent authors. Three SRs also stated that a third
reviewer was consulted in case of disagreement (12) or that
a third reviewer was consulted for discussion of the data
tables after they were compared between the two extractors
(13, 23). Furness et al. (2013) stated the possibility of
discussion in case of disagreement (19). No information was
given for the process of disagreement in Mercandante et al.

(2017), Garcia et al. (2013) and O’Sullivan et al. (2010) for
both study selection and data extraction (20-22). 

Reporting of study characteristics and heterogeneity in the
studies. Five SRs described the studies included (population,
interventions, comparator groups, outcomes, study design) in
adequate detail (11-13, 19, 22). While three SRs gave
insufficient information on the population (20, 21, 23),
intervention or comparison group (21) and one gave most of

Hubner et al: Methodological Review: Summary of Findings for Acupuncture on Xerostomia (Review)

2583

Figure 1. Consort diagram. SRs: Systematic reviews. 
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Table II. Characteristics of included systematic reviews (SRs).

                                    Study and patient characteristics                               Groups and interventions                                      Outcomes

SRs                      Study                Included            Therapy         Acupuncture   Comparators     Duration of    Objective    Subjective     Notes, CoI 
                             types                   studies                                      interventions                             intervention                                              and Funding

Assy                RCTs, one        Studies N=10        8 studies          Traditional          Sham/         four studies:     SFR for      Intensity      Considered 
et al. (11)         study with         Eight studies         with RT             Chinese           Placebo           6 weeks       12 months       of dry          one study
                         cross-over        with head and    (3 preventive     acupuncture    acupuncture:      (separated                              mouth           as RCT, 
                        design, one         neck cancer       studies) and     and orthodox        placebo        in one study                             (VAS              even
                         study with             patients          sometimes in         western      auriculotherapy, by a 2-week                           scores);          though
                      mixed design         (one study       combination        medicine           placebo             resting                             changes in      it’s a non-
                      of a RCT and         with neck       with CT, one     acupuncture;    acupuncture        period),                            subjective     randomized
                     a cohort study       dissection),        study with            parotid,        (superficial)           five                               symptoms;         study
                            (three                one study          additional      submandibular,   needling or        studies:                              XQ; XI; 
                         preventive        with Sjögren’s     medication          and labial     non-acupoints    4,7,8 or 10                               QoL            No CoI, 
                           studies)              syndrome,                                       glands           2 cm away       weeks, one                       Questionnaire        study
                                                  one study with                              acupuncture;   from the real        study:                            and the head    performed
                                               variety of patients                             biomedicine       acupoints;      8-10 weeks                           and neck        as part of 
                                               (including primary                           acupuncture;   oral hygiene/                                                   subscale          regular
                                                  and secondary                               standard and     usual Care,                                                                           research
                                                      Sjögren’s                                    customized         oral care                                                                            activities
                                                      syndrome,                                     anatomic           sessions                                                                            of authors
                                                radiotherapy, and                                   points                    
                                                 hypothyroidism)                              acupuncture;              
                                                 Patients N=503,                             bilateral ears,             
                                                     mean of 62                                  index finger               
                                                 participants per                                   and an                    
                                                 trial and a range                                additional                 
                                                    of 12 to 175                                  facial point 
                                                                                                          acupuncture

Bonomo                One               Studies N=5          RT with         Acupuncture,       Standard           Mainly           RSFR,        Patient-          No CoI,
et al. (12)       case-control            Patients               mostly          not described          care;          administered       SSFR;         reported          funding
                       cohort, four               with                    also            in more detail         sham           throughout      Incidence    xerostomia    provided by
                        RCTs (one           squamous           receiving                                  acupuncture      a standard       of severe      through a      Universita
                        cross-over,                cell                CT (68%                                     or usual          6-7-week     xerostomia     modified       degli Studi 
                             three                carcinoma         of patients)                                       care           RT schedule    (XQ >30)    xerostomia      di Firenze 
                         preventive       Patients N=633                                                                                                           Adverse  questionnaire    within the 
                           studies)                                                                                                                                                events    (4-item VAS);     CRUI-
                                                                                                                                                                                                        Patient-XQ        CARE
                                                                                                                                                                                                          (8-item);      Agreement
                                                                                                                                                                                                           patient-
                                                                                                                                                                                                          reported
                                                                                                                                                                                                         dysphagia
                                                                                                                                                                                                           through
                                                                                                                                                                                                          MDADI
                                                                                                                                                                                                         (total and
                                                                                                                                                                                                          subscale
                                                                                                                                                                                                          scores) 
                                                                                                                                                                                                        Feasibility; 
                                                                                                                                                                                                           Patient-
                                                                                                                                                                                                          reported 
                                                                                                                                                                                                        xerostomia 
                                                                                                                                                                                                           through 
                                                                                                                                                                                                           EORTC 
                                                                                                                                                                                                       H&N 35 + 4 
                                                                                                                                                                                                     study- specific
                                                                                                                                                                                                      items; Global
                                                                                                                                                                                                         QoL score

Table II. Continued
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Table II. Continued

                                    Study and patient characteristics                               Groups and interventions                                      Outcomes

SRs                      Study                Included            Therapy         Acupuncture   Comparators     Duration of    Objective    Subjective     Notes, CoI 
                             types                   studies                                      interventions                             intervention                                              and Funding

Furness                RCTs              Studies N=9      Four studies      Manual and          Sham/           One study:      UWS or       Pain on         No CoI,
et al. (19)                                  (five evaluated       with RT             electrical           Placebo          6 weeks,           SWS          constant        supported
                                                    acupuncture,                                 stimulation     acupuncture,      one study                             Murley        by Global 
                                                      one study                                 of the needles;     usual care        with over       Adverse         scale,           Alliance
                                                     not cancer-                                       manual                                     4 weeks,          events            pain             member
                                                       patients)                                     acupuncture                                one study                          (numerical   organizations
                                                    Four studies                                                                                         with                                   rating          providing
                                                       with oral                                                                                       10 weeks,                             scale),           funding
                                                    cancer, three                                                                                   two studies                        Xerostomia        for the
                                                    studies with                                                                                      with two                           Inventory;       editorial
                                                      Sjögren’s                                                                                       courses of                            median           process
                                                      syndrome,                                                                                        6 weeks                                mouth
                                                      one study                                                                                     separated by                           dryness
                                                    with variety                                                                                      2 weeks                          (VAS scale); 
                                                     of patients                                                                                     rest period                                XQ
                                                      (including 
                                                    primary and 
                                                      secondary 
                                                      Sjögren’s 
                                                      syndrome, 
                                                   radiotherapy, and 
                                                    hypothyroidism), 
                                                  one study with 
                                                    medication-
                                                   induced xerostomia
                                                 Patients N=366 
                                                  with a mean of
                                                  40 participants 
                                                    per trial and 
                                                      a range of 
                                                       12 to 77                    

Garcia                  RCTs              Studies N=4              RT              Acupuncture     Usual care;       Not given                           Radiation-       No CoI,
et al. (21)              (one          with acupuncture                                                      not reported                                                    induced       “Supported
                         preventive             (further                                                                                                                                   xerostomia      in part by 
                            study)              37 included)                                                                                                                                 Incidence       National
                                                                                                                                                                                                       and severity       Cancer
                                                 Cancer patients                                                                                                                           of symptoms      Institute
                                                  with radiation-                                                                                                                                                     Grants No. 
                                                        induced                                                                                                                                                          CA121503
                                                     xerostomia                                                                                                                                                              and
                                                                                                                                                                                                                               CA016672
                                                        Patients                                                                                                                                                         and by The 
                                                    N=not given                                                                                                                                                       University
                                                                                                                                                                                                                              of Texas MD
                                                                                                                                                                                                                                Anderson
                                                                                                                                                                                                                                  Cancer 
                                                                                                                                                                                                                                  Center”
                                                                                                                    
Mercandante       RCTs              Studies N=3              RT              Acupuncture      Superficial       One study        SSFR,           XQ;            No CoI,
et al. (20)              (one                     with                                                                acupuncture;      6 weeks          USFR         salivary        no funding
                         cross-over          acupuncture                                                                sham;          of therapy,                           function; 
                           design)       (further 17 studies)                                                      educational       one study        Adverse    xerostomia
                                                                                                                                      oral care        9 weeks of       Events       symptoms
                                                  Cancer patients                                                           sessions            therapy,                                    

Table II. Continued
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Table II. Continued

                                    Study and patient characteristics                               Groups and interventions                                      Outcomes

SRs                      Study                Included            Therapy         Acupuncture   Comparators     Duration of    Objective    Subjective     Notes, CoI 
                             types                   studies                                      interventions                             intervention                                              and Funding

                                                        Patients                                                                                         one study                           (QLQ-H&
                                                     N=1,732 of                                                                                           no                                      N35 
                                                   all 20 studies,                                                                                  information                         xerostomia
                                                         195 in                                                                                                                                    questions + 
                                                    acupuncture                                                                                                                                    other                  
                                                         studies                                                                                                                                 questionnaire); 
                                                                                                                                                                                                   Quality of life 
                                                                                                                                                                                                     (QLQ C-30 and 
                                                                                                                                                                                                         H&N-35)

Ni                        RCTs              Studies N=8              RT             Acupuncture/         Sham           One study        SSFR;            XQ          Considered 
et al. (13)         (one cross         Patients with                                     plus ear        acupuncture       14 weeks,       USSFR;   (Xerostomia    one study
                       over design,           head and                                    acupuncture      (superficial     two studies      Salivary  Questionnaire);    as RCT, 
                              four               neck cancer,                                                           needling at        6 weeks,     constituents;   Constant-     even though 
                         preventive            including                                                            non-acupoints     one study       Incidence      Murley        it’s a non-
                           studies)           neck dissection                                                             or non-           4 weeks,             of              score;         randomized
                                                                                                                                    penetrating        one study       clinically     modified           study; 
                                                        Patients                                                              needling at     8-10 weeks,    significant    Constant-          didn’t
                                                        N=725                                                              nonacupoint       one study      xerostomia      Murley         categorize
                                                    (304 patients                                                         or mixture of       8 weeks,          (score          score;              one 
                                                          in the                                                                real needling      one study         >30);        XI; NRS        study as
                                                    acupuncture                                                              at a real          7 weeks,          RSFR         of pain;       preventive
                                                      group and                                                            acupoint not       one study                           QLQC30;          study
                                                    421 patients                                                          indicated for     6-7 weeks       Adverse     (H&N-35) 
                                                   in the control                                                         xerostomia,                                Events          quality          No CoI, 
                                                         group)                                                               real needling                                                    of life         financially
                                                                                                                                at sham points,                                                                      supported
                                                                                                                                   and placebo                                                                           by the 
                                                                                                                                    needling at                                                                          National
                                                                                                                                  sham points;                                                                          Natural
                                                                                                                                    usual care;                                                                           Science
                                                                                                                                   no treatment                                                                       Foundation
                                                                                                                                   to minimize                                                                         of China 
                                                                                                                                 the irradiation                                                                      (Grant No. 
                                                                                                                                    side effects                                                                         81722050, 
                                                                                                                                  standard oral                                                                       81973962) 
                                                                                                                                   care control                                                                        and Project 
                                                                                                                                                                                                                               of Science 
                                                                                                                                                                                                                                  and 
                                                                                                                                                                                                                              Technology 
                                                                                                                                                                                                                              Department 
                                                                                                                                                                                                                               of Sichuan 
                                                                                                                                                                                                                                 Province 
                                                                                                                                                                                                                               (Grant No. 
                                                                                                                                                                                                                                  20ZDY
                                                                                                                                                                                                                                  F1199)

O’Sullivan           RCTs              Studies N=3              RT               Traditional          Sham/           One study     SSFR and   Subjective       No CoI, 
et al. (22)                                    Patients with                                    Chinese           Placebo              only             USFR       assessment          main 
                                                  head and neck                               acupuncture;   acupuncture;    information                            (scales        author was
                                                         cancer                                          manual          usual care     on follow-up     Adverse           not           funded for 
                                                      including                                   acupuncture      provided to    medium-term      events       explained);      a stay at 
                                                  neck dissection                                                        control with     1 year, one                           XQ; XI         Palliative
                                                                                                                                    no attempt           study                                                        Care in 

Table II. Continued



the information about the studies in text-form, but in a rather
uncomprehensive way (12). 
Furthermore, they discussed or tried to explain the

heterogeneity between the studies. Even though Garcia et al.
(2013) does only mention heterogeneity briefly, most of the
others got more into detail (21). Mercandante et al. (2017)
stated in their protocol, how they wanted to assess the
heterogeneity of the studies, but no information on that is
given in the article (20). 

Reporting of study design, intervention, and control group.  
Extraction tables. To best compare results from different
studies, it is desirable to use a standardized approach to
extract the data presented in the publications. Due to the
heterogeneity and complexity of acupuncture, an extraction
providing a detailed insight into the acupuncture intervention
and the control group is necessary to analyze, compare, and
aggregate data from different studies. The STRICTA

checklist (Standards for Reporting Interventions in
Controlled Trials of Acupuncture (24) includes the
framework of the intervention (type, control/comparator
group as well as the background of the practitioner), a
structured way to extract the methods and results, as well as
methodological components and further information, like
funding. Even though a now revised version was already
available since 2011, only three of the included SRs used this
checklist (13, 22, 23). 

Intervention and control group. All SRs included studies
which either used usual care/oral hygiene education (11-13,
19-23) or sham acupuncture (either non-penetrating needling
at acupoints or needling at non-acupoints) (11-13, 19, 20, 22,
23) as comparators. 
None of the included SRs mentioned the different types of

acupuncture in the presentation of the results. Except for
Furness et al. (2013) (19), all SRs report that there are
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Table II. Continued

                                    Study and patient characteristics                               Groups and interventions                                      Outcomes

SRs                      Study                Included            Therapy         Acupuncture   Comparators     Duration of    Objective    Subjective     Notes, CoI 
                             types                   studies                                      interventions                             intervention                                              and Funding

                                                  Patients N=123                                                           made to         follow-up                                                     King’s
                                                                                                                                   replicate the     at 6 weeks,                                                  College 
                                                                                                                                   acupuncture      one study                                                     by an
                                                                                                                                    experience        follow-up                                                 educational
                                                                                                                                                             at 4 weeks                                                 grant from
                                                                                                                                                                                                                                 the Irish 
                                                                                                                                                                                                                                 Hospice 
                                                                                                                                                                                                                              Foundation, 
                                                                                                                                                                                                                                another is 
                                                                                                                                                                                                                                 an NIHR 
                                                                                                                                                                                                                              (UK) senior 
                                                                                                                                                                                                                               investigator

Zhuang                RCTs              Studies N=4            RT or            Traditional      Superficial/      One study           SFR           Patient          No CoI, 
et al. (23)              (one            Head and neck           none                    and                Placebo             1 year                           self-reported   no funding
                         preventive       cancer patients                              individualized   acupuncture;   observation,     Adverse       scores as 
                            study)                                                                    acupuncture           sham            one study         events        subjective
                                                 Patients N=110                                                       acupuncture;        6 weeks                             outcome
                                                 in intervention                                                          usual care      observation,                         measures; 
                                                studies and 86 in                                                          standard         one study                          4 Question 
                                                 preventive study                                                       oral hygiene        4 weeks                              of XQ; 
                                                                                                                                                               and one                              XI; MD 
                                                                                                                                                              6 months                           Anderson 
                                                                                                                                                           observation                          Symptom 
                                                                                                                                                                                                        Inventory–
                                                                                                                                                                                                     Head and Neck

CoI: Conflict of interest; EORTC H&N 35: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Head and
Neck Module; MDADI: MD Anderson Dysphagia Inventory; N: number; NRS: Numerical Rating Scale; UWS: unstimulated whole saliva; QoL:
quality of life; RSFR: resting salivary flow rate; SSFR: stimulated salivary flow rate; SWS: stimulated whole saliva; USSFR: unstimulated salivary
flow rate; XI: xerostomia inventory; XQ: xerostomia questionnaire.



differences between the techniques used in the studies and
all but two (11, 21) report detailed information on the
acupuncture techniques used in the studies, including
acupuncture points, type of acupuncture and duration in the
characteristics of the studies. Yet they all fail to differentiate
them in the reporting of the results. 
An overview of the presentation of results can be seen in

Table III. Garcia et al. (2013) only presented results of two
out of four studies they included, but estimated effect sizes
for them (21). 

Reporting of endpoints. Except for Garcia et al. (2013) (21),
all SRs differentiate between subjective and objective
measurement when presenting the results. However, an
interpretation of these in relation to an open design or
missing blinding in one party is mostly missing. 

Quality of meta-analyses. Five SRs concluded that because
of this given heterogeneity an MA is not applicable (11, 12,
21-23). Only three SRs conducted an MA, of which
Mercandante et al. (2017) stated that only summary data
rather than patient level data were available (20), Ni et al.
(2020) excluded a study in the MA because no original data
was available (13), while Furness et al. (2013) gave no
information on that matter (19). All three used aggregated

data from the studies and not individual patient data. For
only one MA, using the STRICTA Checklist (24), a
differentiated approach considering the different types of
acupuncture, was planned but not realized in the MA (13). 
Only Ni et al. (2020) and Furness et al. (2013) discussed

the likelihood of impact of the RoB on the results (13, 19).
While Mercandante et al. (2017) gives no information on the
attempt to account for a possible publication bias (20), Ni et
al. (2020) explains that they were not able to conduct a
funnel plot, due to the limited number of included RCTs and
therefore concluded, that a publication bias might exist (13).
Furness et al. (2013) stated that they wanted to conduct an
analysis for publication bias if more than three studies were
included in the MA, which was not the case (19). 
It remains unclear which criteria did qualify a study to be

included in the MA, even though Ni et al. (2020) only
included low risk RCTs (13). Mercandante et al. (2017) and
Furness et al. (2013) only stated that they included studies
which “provided enough data” and “suitable data”, but it
remains unclear how this was defined (19, 20). Both MAs
included studies with a high risk of bias. 
Furthermore, it’s unclear why Mercandante et al. (2017)

used an older version of the Cochrane Tool, since the 5.1.0
Version was already available and widely used at the time,
they conducted their SR (20). It should be noted that the
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Figure 2. Methodological assessment of included systematic reviews (SRs). +: Yes; -: no; /: partial yes; na: not applicable.
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Table III. Comprehensive presentation of results.

SRs                                 Distinguish         Adequate            Adequate           Information on     Differentiation             Authors’                  Overall
                                  between objective    reporting        differentiation             different          of acupuncture           conclusion                  result
                                     and subjective              of                  of setting:             acupuncture           techniques  
                                      measurement       comparison          prevention          techniques in the           in the 
                                        techniques              group              or treatment        methods section        assessment

Assy et al. (11)                     Yes                      Yes          Mentioned, but no              No                          No                    “Insufficient           Insufficient 
                                                                                        clear differentiation                                                                     evidence is              evidence
                                                                                           in result section.                                                                           available 
                                                                                                                                                                                         conclude whether
                                                                                                                                                                                         acupuncture is an 
                                                                                                                                                                                           evidence-based 
                                                                                                                                                                                       treatment option for 
                                                                                                                                                                                              xerostomia/
                                                                                                                                                                                           hyposalivation.
                                                                                                                                                                                     Further well-designed, 
                                                                                                                                                                                      larger, double blinded 
                                                                                                                                                                                         trials are required 
                                                                                                                                                                                          to determine the 
                                                                                                                                                                                          potential benefit 
                                                                                                                                                                                           of acupuncture. 
                                                                                                                                                                                              Sample size 
                                                                                                                                                                                              calculations
                                                                                                                                                                                       should be performed
                                                                                                                                                                                           before initiating 
                                                                                                                                                                                             these studies”
Bonomo                               Yes                      Yes                       Yes                           Yes                         No                “Although shown              No 
et al. (12)                                                                                                                                                                             to be feasible             evidence
                                                                                                                                                                                              and safe, no 
                                                                                                                                                                                            firm evidence 
                                                                                                                                                                                                currently 
                                                                                                                                                                                          supports the use 
                                                                                                                                                                                            of acupuncture 
                                                                                                                                                                                            for the routine 
                                                                                                                                                                                           management of 
                                                                                                                                                                                         radiation-induced 
                                                                                                                                                                                       toxicity in HNSCC”
Furness et al. (19)                Yes                      Yes                         -                             No                          No             “There is low quality          Low
                                                                                                                                                                                             evidence that             evidence
                                                                                                                                                                                            acupuncture is            for small 
                                                                                                                                                                                          no different from      improvement
                                                                                                                                                                                       placebo acupuncture 
                                                                                                                                                                                         with regard to dry 
                                                                                                                                                                                         mouth symptoms, 
                                                                                                                                                                                         which is the most 
                                                                                                                                                                                        important outcome. 
                                                                                                                                                                                      This may be because 
                                                                                                                                                                                     there were insufficient 
                                                                                                                                                                                       participants included 
                                                                                                                                                                                         in the two trials to 
                                                                                                                                                                                     show a possible effect 
                                                                                                                                                                                     or it may be that there 
                                                                                                                                                                                    was some benefit due to
                                                                                                                                                                                      'placebo' acupuncture 
                                                                                                                                                                                         which could have 
                                                                                                                                                                                        biased the effect to 
                                                                                                                                                                                         the null. […] It is 
                                                                                                                                                                                          well known that 
                                                                                                                                                                                      dry mouth symptoms 
                                                                                                                                                                                       may be problematic 

Table III. Continued
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Table III. Continued

SRs                                 Distinguish         Adequate            Adequate           Information on     Differentiation             Authors’                  Overall
                                  between objective    reporting        differentiation             different          of acupuncture           conclusion                  result
                                     and subjective              of                  of setting:             acupuncture           techniques  
                                      measurement       comparison          prevention          techniques in the           in the 
                                        techniques              group              or treatment        methods section        assessment

                                                                                                                                                                                          even when saliva 
                                                                                                                                                                                    production is increased, 
                                                                                                                                                                                        yet only two of the 
                                                                                                                                                                                        trials that evaluated 
                                                                                                                                                                                      acupuncture reported 
                                                                                                                                                                                      dry mouth symptoms, 
                                                                                                                                                                                       a worrying reporting 
                                                                                                                                                                                        bias. There is some 
                                                                                                                                                                                       low-quality evidence 
                                                                                                                                                                                          that acupuncture 
                                                                                                                                                                                          results in a small
                                                                                                                                                                                         increase in saliva
                                                                                                                                                                                      production in patients
                                                                                                                                                                                            with dry mouth 
                                                                                                                                                                                    following radiotherapy”            
Garcia et al. (34)                  No                       No             Mentioned, but                 No                          No               “According to this      Insufficient 
                                                                                          failed to give the                                                                review, acupuncture        evidence
                                                                                           reference to the                                                                    is an appropriate
                                                                                          respective studies                                                               adjunctive treatment
                                                                                        in the result section.                                                                for chemotherapy-
                                                                                                                                                                                           induced nausea/
                                                                                                                                                                                             vomiting, but 
                                                                                                                                                                                        additional research 
                                                                                                                                                                                       is needed to increase
                                                                                                                                                                                      the reliability of these 
                                                                                                                                                                                        findings. For other 
                                                                                                                                                                                     symptom management, 
                                                                                                                                                                                          efficacy remains 
                                                                                                                                                                                      undetermined because 
                                                                                                                                                                                         of unclear or high 
                                                                                                                                                                                      ROB among studies”
Mercadante et al. (20)         Yes                      Yes                         -                            Yes                         No                “The use of other              No 
                                                                                                                                                                                       treatment modalities       evidence
                                                                                                                                                                                      [acupuncture] cannot 
                                                                                                                                                                                       be supported on the 
                                                                                                                                                                                           basis of current
                                                                                                                                                                                                evidence”
Ni et al. (13)                         Yes                      Yes          Mentioned, but no              Yes                         No         “The present meta-analysis    Limited 
                                                                                        clear differentiation                                                             and systematic review      evidence
                                                                                                 in result section.                                                                  suggests that acupuncture
                                                                                                                                                                                    is effective at improving 
                                                                                                                                                                                      xerostomia symptoms 
                                                                                                                                                                                      in cancer patients but 
                                                                                                                                                                                    not at objective salivary 
                                                                                                                                                                                       flow measurements. 
                                                                                                                                                                                                      The evidence is still limited 
                                                                                                                                                                                                         due to the low quality of 
                                                                                                                                                                                      the published studies”
O’Sullivan et al. (22)           Yes                      No                         -                             Yes                         No               “Limited evidence         Limited 
                                                                                                                                                                                   suggests that acupuncture   evidence
                                                                                                                                                                                                  is beneficial for irradiation-
                                                                                                                                                                                                        induced xerostomia. 
                                                                                                                                                                                                           Although current 
                                                                                                                                                                                                     evidence is insufficient 
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5.1.0 Version of the Cochrane Tool has been updated in 2021
(RoB2: Revised Cochrane Risk of Bias Tool for RCTs) and
is now more differentiated than the older Versions (especially
in separating domains of blinding).
All three MAs differ in their analysis of heterogeneity,

which impacts the interpretation of the results. Since
Mercandante et al. (2017) found no heterogeneity between the
studies the studies may be very similar, and an average effect
is interpretable. But Ni et al. (2020) found a heterogeneity of
at least 60%, which indicates that the studies indeed do differ,
and an average effect should be interpreted with caution.
Furthermore, in both MAs the weight of the included studies
differs, which further raises the question on how exactly the
MAs were assessed and gives reason to doubt the
comparability of results between analyses of SRs. 

Assessment of risk of bias (RoB). All included SRs used an
established method to assess the RoB. In Table IV, all
assessments of methodological quality of the included
studies are listed in detail. All but one SR used the Cochrane
Assessment tool, either the old version from 2008 (21) or the
version 5.1.0 from 2011 (11-13, 19, 20, 23). O’Sullivan et
al. (2010) used the NHS Critical Appraisal Skills Program

(CASP) (22). However, the results of the RoB assessments
of the individual studies are very different. All included SRs
accounted for the potential impact of the RoB while
interpreting/discussing the results.
Yet, while comparing the results of single studies in

different SRs, the high heterogeneity in the rating of all
domains of RoB are impressive. In fact, there is no domain
with a homogenous assessment. Moreover, the spread
between the assessments includes two grades (red to green)
for any study with more than one assessment.

Selection bias. Taking a deeper look at the differences in the
RoB assessment (Table V), it becomes obvious that for each
domain, the authors did not include all aspects listed in the
RoB 2.0 version. For example, for selection bias, the
question whether baseline differences with respect to salivary
flow rates or symptoms of xerostomia between intervention
groups suggest a problem with the randomization process is
not considered at all but is of high relevance [data missing
in Braga et al. (2011) (14), Cho et al. (2008) (25), Meng et
al. (2012) (26), and Simcock et al. (2013) (27); Dymackova
et al. (2020) (10), Cho et al. (2008) (25) and Meng (2012)
(28) with highly important differences between both groups].
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Table III. Continued

SRs                                 Distinguish         Adequate            Adequate           Information on     Differentiation             Authors’                  Overall
                                  between objective    reporting        differentiation             different          of acupuncture           conclusion                  result
                                     and subjective              of                  of setting:             acupuncture           techniques  
                                      measurement       comparison          prevention          techniques in the           in the 
                                        techniques              group              or treatment        methods section        assessment

                                                                                                                                                                                                         to recommend this 
                                                                                                                                                                                                          intervention, it is 
                                                                                                                                                                                                        sufficient to justify
                                                                                                                                                                                                            further studies. 
                                                                                                                                                                                                               Highlighted 
                                                                                                                                                                                                           methodological 
                                                                                                                                                                                                           limitations must 
                                                                                                                                                                                                             be dealt with”
Zhuang et al. (23)                Yes                      No                       Yes                           Yes                         No            “Insufficient evidence   Insufficient 
                                                                                                                                                                                                       is available to judge       evidence
                                                                                                                                                                                                       whether acupuncture 
                                                                                                                                                                                                             is effective in 
                                                                                                                                                                                                      preventing or treating 
                                                                                                                                                                                                          radiation-induced 
                                                                                                                                                                                                             xerostomia in 
                                                                                                                                                                                                         patients with head 
                                                                                                                                                                                                          and neck cancer.
                                                                                                                                                                                                       Significant research 
                                                                                                                                                                                                        remains to be done 
                                                                                                                                                                                                     in order to recommend 
                                                                                                                                                                                                           acupuncture for 
                                                                                                                                                                                                             routine use in 
                                                                                                                                                                                                          radiation-induced 
                                                                                                                                                                                                              xerostomia”
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Table IV. Risk of bias (RoB) assessment by systematic reviews (SRs) of included single studies (categories in detail see Table V).

SR/primary                   Bias               Own        Assy       Bonomo           Furness          Garcia        Mercadante         Ni          O’Sulliva     Zhuang 
study                                                    RoB         et al.          et al.                et al.             et al.               et al.             et al.           et al.           et al.
                                                                              (11)             (12)                   (19)               (34)                 (20)               (13)              (22)              (23)

Braga et al.               Selection              -               -                  +                                                                                           -                                        
(2011) (14)                                              -               -                  +                                                                                           -                                        
                                Performance           -               -                 ?*                                                                                           -                                        
                                                                -               -                                                                                                                                                        
                                  Detection              -               -                  +                                                                                           -                                        
                                   Attrition              +              +                 +                                                                                           +                                        
                                  Reporting             ?               +                 +                                                                                           ?                                        
                                     Other                 -               -                  +                                                                                           +                                        
Blom et al.                Selection              +              +                                           ?                    +                                                                                     
(1992)                                                    ?               -                                           ?                     ?                                                                                     
(only 1 cancer       Performance           +              +                                           +                    +                                                                                     
patient)                                                    -               -                               No information                                                                                               
(38)                            Detection             +              +                                           +                                                                                                           
                                   Attrition              ?               -                                           +                    +                                                                                     
                                  Reporting             ?               +                                           ?                    +                                                                                     
                                     Other                 -               -                                           +                    -                                                                                      
Blom et al.          Selection bias          ?               +                                           ?                                                                  ?                                       ?
(1996) (32)                                             ?               -                                           ?                                                                  -                                       ?
                                Performance           ?               +                                           +                                                                  -                                       +
                                                                -               -                               No information                                                                                               
                                  Detection             +              +                                           +                                                                  -                                       +
                                   Attrition              +               -                                           ?                                                                  +                                      +
                                  Reporting             ?               +                                           ?                                                                  ?                                       +
                                     Other                 -               -                                            -                                                                  +                                       ?
Meng et al.              Selection              +              +                                                                                                              +                                        
(2012) (28)                                             +              +                                                                                                               -                                        
                                Performance           ?               +                                                                                                              +                                        
                                                                -               -                                                                                                                                                        
                                  Detection              ?             +/?                                                                                                             -                                        
                                   Attrition               -               -                                                                                                               +                                        
                                  Reporting             ?               +                                                                                                              ?                                        
                                     Other                 ?               +                                                                                                              +                                        
Meng et al.               Selection              +              +                 +                                              +                                           +                                      +
(2012) (26)                                             +              +                 +                                              +                                            -                                       +
                                Performance           -               -                  ?                                              -                                            -                                       -
                                                                -               -                                                                                                                                                        
                                  Detection              -              -/?                +                                                                                           -                                       -
                                   Attrition               -               -                  +                                              +                                            ?                                       -
                                  Reporting             ?               +                 +                                              +                                            ?                                       +
                                     Other                 ?               +                 +                                              ?                                            +                                       ?
List et al.                 Selection              +              +                                           ?                                                                                                           
(1998)                                                    ?               -                                           ?                                                                                                           
(no cancer              Performance           -               -                                            -                                                                                                            
patients)                                                 -               -                               No information                                                                                               
(39)                            Detection              ?             -/+                                          ?                                                                                                           
                                   Attrition              ?               -                                           +                                                                                                           
                                  Reporting              -               -                                           +                                                                                                           
                                     Other                 -               -                                           +                                                                                                           
Alimi et al.               Selection              -               +                                                                                                                                                        
(2012) (31)                                             -               +                                                                                                                                                        
                                Performance           ?               +                                                                                                                                                        
                                                                -               -                                                                                                                                                        
                                  Detection             +              +                                                                                                                                                        
                                   Attrition              +              +                                                                                                                                                        
                                  Reporting              -               -                                                                                                                                                        
                                     Other                 -               +                                                                                                                                                        
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Performance bias. For performance bias, some authors only
referred to blinding of the participants. Only one study assessed
blinding of the participants (28). The authors asked the patients
“whether they thought they were in the real or sham
acupuncture group, or if they could not tell”. They concluded
that the “sham group remained blinded, with all patients in
both groups believing they received real acupuncture”. Yet, in
case the patients had understood the design of a sham
controlled randomized study, an even distribution of believing
in being in the verum and the sham group should be recorded.

Moreover, as in all studies the acupuncturist was a well-
trained person with long-standing expertise, mostly certified
in Traditional Chinese acupuncture, non-verbal interaction
between the acupuncturist and the patients may have
unblinded the patient to some extent in case of sham
acupuncture if the acupuncturist appears less convinced of
the effects of the actual treatment. 

Detection bias. Also, for detection bias, the SRs focus on
blinding of outcome assessment, which at least in the case
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Table IV. Continued

SR/primary                   Bias               Own        Assy       Bonomo           Furness          Garcia        Mercadante         Ni          O’Sulliva     Zhuang 
study                                                    RoB         et al.          et al.                et al.             et al.               et al.             et al.           et al.           et al.
                                                                              (11)             (12)                   (19)               (34)                 (20)               (13)              (22)              (23)

Cho et al.                  Selection              ?               +                                           ?                     ?                                            +                                       ?
(2008) (25)                                             ?               +                                           ?                     ?                                            -                                       ?
                                Performance           ?               +                                           +                    -                                            +                                      +
                                                                -               -                               No information                                                                                               
                                  Detection              ?             +/?                                         ?                                                                  -                                       -
                                   Attrition              +              +                                           +                    ?                                            +                                      +
                                  Reporting             ?               +                                           +                    +                                            ?                                       +
                                     Other                 -               -                                            -                     -                                            +                                       -
Garcia et al.              Selection              ?                                  +                                                                                           +                                        
(2019) (29)                                             +                                  +                                                                                           -                                        
                                Performance           -                                  ?                                                                                           +                                        
                                                                -                                                                                                                                                                         
                                  Detection              ?                                  +                                                                                           +                                        
                                   Attrition              ?                                  +                                                                                           +                                        
                                  Reporting             ?                                  +                                                                                           ?                                        
                                     Other                 -                                  +                                                                                           +                                        
Pfister et al.             Selection              +              +                                           +                    +                                           +                                      +
(2010) (30)                                             +              +                                           +                    +                                           +                                      +
                                Performance           -               -                                            -                     -                                            -                                       -
                                                                -               -                               No information                                                                                               
                                  Detection              -               -                                           ?                                                                  +                                       -
                                   Attrition              +              +                                           +                    +                                           +                                      +
                                  Reporting             ?               +                                           +                    +                                            ?                                       -
                                     Other                 -               -                                           +                    +                                           +                                       ?
Simcock et al.          Selection              +              +                 +                                                                                           +                                        
(2013) (27)                                             +              +                 +                                                                                           -                                        
                                Performance           -               -                  ?                                                                                            -                                        
                                                                -               -                                                                                                                                                        
                                  Detection              -               -                  +                                                                                           -                                        
                                   Attrition              ?               -                  +                                                                                           +                                        
                                  Reporting             ?               +                 +                                                                                           ?                                        
                                     Other                 ?               +                 +                                                                                           +                                        
Dymackova et al.      Selection              +                                                                                                                                                                        
(2020) (10)                                             +                                                                                                                                                                        
                                Performance           -                                                                                                                                                                         
                                                                -                                                                                                                                                                         
                                  Detection              -                                                                                                                                                                         
                                   Attrition              ?                                                                                                                                                                         
                                  Reporting              -                                                                                                                                                                         
                                     Other                 -                                                                                                                                                                         

Selection bias: Random sequence generation and allocation concealment. Performance bias: Blinding of participants and blinding of practitioners.
Detection bias: Blinding of outcome assessment. Attrition bias: Incomplete outcome data. Reporting bias: Selective reporting.



the main authors and acupuncturists are the same person is
not given. Important items as adherence [only reported in
Garcia et al. (2019) (29)] are missing. Reasons for drop out
are often not presented but may point to relevant problems
with implementation and adherence. 
Highly important are additional non-protocol interventions. In

no study, there was a systematic recording. Yet, Pfister et al.
(2010) describes that 40% on the control arm and 20% in the
intervention arm used other complementary treatments. In two
studies (30, 31) patients reportedly took drugs as pain
medication, which may lead to xerostomia but data on whether
there was a change in these medications during the course of the
study are missing. Most important, radiotherapy may be highly
different with respect to dosage, sparing of the glands,
combination with different regimens of chemo- and
immunotherapy. There is no study with a complete presentation
and comparison of these data between the intervention and
control arm.
More important, but completely neglected in the SRs, is

the evocation of a De Qi sensation in the intervention arm.
This feeling most probably is provoked by an irritation of a
small nerve ending by the needling process. The needle is
put on the skin or inserted and then manipulated until the
patient gets a “De Qi feeling”. This allegedly proves the
correctness of the individual needling point and the reaction
of the body. During this part of the acupuncture treatment a
strong interaction between the patient and the acupuncturist
develops, which not only entails unblinding but also
introduces an additional mental aspect into the treatment. 

Attrition bias. Considering attrition bias, incomplete outcome
data were considered in all SRs. Yet, the authors do not
discuss imbalances due to attrition. In Meng et al. (2012) drop
out was higher in patients with stage IV disease and women,
which might have led to imbalance between both groups, but
data is missing (26). In Alimi et al. (2012), from the methods
section one learns that the study was interrupted if for example
there was a progress of the symptoms leading to a change in

the pharmacotherapy. Yet, no data are provided how many
participants stopped. But by this, patients with a deterioration
could have been removed from the analysis (31). Also, in
Meng (2012), in the study protocol, it was written that patients
who took medication against dry mouth would be removed
from study, which might exclude especially those with worse
course. Also, data are missing in the results section (26, 28). 

Reporting bias. For reporting bias, the authors of the SRs
only considered selective reporting and did not discuss
whether assessors were aware of the assignment of the
patients. In fact, in no study there is a report that assessors
were blinded and/or independent. 
Considering the results of a study, clinical significance apart

from statistical significance are important. None of the SRs
discusses clinical relevance of statistically significant results
in detail. Garcia et al. (2013) only state that “eight (studies)
reported clinically significant positive within-group findings”
without referring to the quality of the studies (21). Mercadante
et al. (2017) write for the single study with a statistical
positive result (27) clinical significance was unclear (20). Ni
et al. (2020) refers to the clinical significance defined in the
assessment via the Xerostomia Questionnaire but does not
report whether the reduction of the incidence was clinically
significant (13). The Cochrane Review by Furness et al.
(2013) states that “The clinical importance of this finding is
unclear (19). Moreover, none of the SRs deliberates on this
issue in a critical summary of the results.  
Another issue not discussed in the SRs is the composition

of the patient group or the inclusion criteria. In Alimi et al.
(2012) also patients with stomach cancer are included. Yet,
these patients do not receive any radiotherapy leading to
xerostomia. Moreover, more patients with stomach cancer
are in the control group (31). In the group of studies
conducted at the MD Anderson Cancer Center in USA and
at the Fudan University in China, radiotherapy may differ
between these countries, with intensity-modulated radiation
therapy (IMRT), image-guided radiation therapy (IGRT) and
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Table V. Overview of features that have been subsumed in the respective risk of bias (RoB) categories.

                                                Assy et al.                               Garcia et al.                       Ni et al. (2020) (13),                         Furness et al.
                                                (2018) (11)                                  (2013) (21)                    Bonomo et al. (2021) (12),                      (2013) (19)
                                                                                                                                            Zhuang et al. (2013) (23)

Selection bias           Random sequence generation           Sequence generation           Random sequence generation      Random sequence generation
                                      Allocation concealment             Allocation concealment             Allocation concealment                Allocation concealment
Performance bias          Blinding of participants                          Blinding                         Blinding of participants               Blinding of participants
                                     Blinding of practitioners                                                                         and personnel                   No information on personnel
Detection bias          Blinding of outcome assessment                                                          Blinding of outcome assessment    Blinding of outcome assessment
Attrition bias               Incomplete outcome data           Incomplete outcome data           Incomplete outcome data             Incomplete outcome data
Reporting bias                  Selective reporting             Selective outcome reporting             Selective reporting                        Selective reporting
                                                 Other bias                          Other sources of bias                          Other bias                                      Other bias



gland sparing techniques more common in the USA. Garcia
et al. (2019) reports that in spite of dose sparing on salivary
glands, xerostomia was much higher in USA, which also
points to the importance of objective measurements and
consideration of cultural and social differences leading to
different answers to the same instruments used for patient
reported outcomes (29). 

Discussion

At the first glance the relationship between acupuncture and
xerostomia is well studied considering the large number of
SRs on this subject. However, by comparing the eight SRs,
this statement must be doubted. Altogether only 12 different
mostly small studies were included in eight SRs. Thus, the
number of SRs almost equals the number of individual
RCTs. Even more important, two of these SRs, namely
Zhuang et al. (2012) and Garcia et al. (2013) (21, 23) are
from authors in the working group of Zhiqiang Meng
(University Shanghai Cancer Center), who is also the first
author of two single studies included in the SRs (26, 28).
Moreover, the data reported by Blom et al. (1996 and 2000)
(32, 33), Simcock (2013) (27) and Garcia (2019) (29) stem
from one study, as Garcia states that Simcock et al. (2013)
(27) and Blom et al. (2000) (33) are preliminary data and
Blom et al. (2000) most probably provides the follow-up of
the data from the study published in 1996. Moreover, Meng
et al. (2012) (26, 28) reports that both trials were registered
at ClinicalTrials.gov (NCT00862550 and NCT00430378)
and both studies were approved by Institutional Review
Boards at MD Anderson Cancer Center and Shanghai
University Cancer Center. The MD Anderson Cancer Center
is also the affiliation of Garcia who is the first author of one
SR published in 2013 (21) and the RCT from 2019 (29),
which reports data from USA and China. 
In the study protocol to Garcia et al. (2019), published as

supplement, the authors describe an RCT they conducted in
China at Fudan Cancer Hospital with 85 patients with a
positive result. The authors provide 3 references, but none
reports these data (29).
Moreover, Garcia and colleagues in 2009 (34) reported the

results of an one-armed study including 19 patients at the
MD Anderson and report no significant differences for
salivary flow rates. For quality of life, many pre-post
comparisons were calculated, and some were significant. In
the RCT reported in 2019 (29), the authors describe that true
acupuncture was significantly better than sham only in China
while in the USA, there was no significant difference
between true acupuncture and standard care.
All in all, a majority of the studies and SRs was conducted

by the same group of authors and does not provide
independent evidence. Moreover, there are strong indications
that data were not published completely. 

Blinding is of high importance in complementary
medicine, as the placebo effect may have a strong impact
especially in endpoints which are subjectively assessed by the
patient, therapist, or assessor. For the latter two, none of the
studies provided blinding. In fact, as in all studies, the
therapists were highly experienced acupuncturists with
certificates and several years of practice, they most probably
are convinced of the usefulness of acupuncture. Moreover, in
some studies, the main authors were the therapists. Blinding
in complementary medicine often is not possible as the
patients are actively involved in the treatments. Also, for
needling, in spite of concepts of sham acupuncture, it is
doubtful whether blinding is successful. In the studies
included in this review, non-penetrating needles were used in
some studies, and it remains unclear whether patients do not
notice the difference. Elaborate designs as in Garcia et al.
(2019) (29) try to improve blinding. Yet, also in this study,
the De Qi sensation was evoked in the true acupuncture arm. 
Considering blinding of the patients, only one study

assessed this item (Meng 2012) (28). This study from China
states that blinding was perfect as all patients thought they
were in the real acupuncture group. Yet this clearly shows that
the patients had not understood the randomized trial design.
In fact, it is well known, that the randomization process in
studies conducted in China is not well established as a part of
good scientific practice. As early as in 2007, the authors of a
Cochrane review wrote that they contacted the study authors
and “discovered that they misunderstood the randomization
procedure and the trials were identified as non-RCTs” (35).
Moreover, developing Traditional Chinese Medicine in Europe
is a goal of high priority for Chinese authorities (36) and fraud
within Chinese scientific articles is an issue of raising concern
in the scientific community (37). This is even more important,
as the number of SRs and MAs from China is raising rapidly
for all topics of complementary medicine. Moreover, most of
these articles include a growing number of studies published
in Chinese journals in Chinese language and only listed in
Chinese databases. Accordingly, no control is possible by the
reviewer or the reader. This in fact means, that the quality and
correctness of this nominally level IA evidence is mostly or
only judged from formal characteristics. Yet, if studies of low
evidence or even false data are included, this will hardly be
discovered. The RoB instruments guide reviewers and review
authors through a formal process but as we have shown in this
small set of studies, further scrutinizing the publications is
needed to detect issues of concern. Moreover, the RoB Tool
offers the possibility to state a low risk of bias if the evaluator
concludes that missing blinding does not influence the
outcome. All in all, concluding the risk of bias is just a
suggestion in the tool and may be passed over by the
evaluator. Only two SRs evaluated the blinding-domain with
a high risk of bias for performance/detection bias (11, 21),
while two SRs (13, 23) give low risk evaluations for their
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placebo-controlled trials. Unfortunately, the authors do not
have to provide the specific reasons for these decisions. 

Limitations of this work. We only evaluated SRs that included
mainly RCTs. Therefore, other publications were not
considered, even though their methods might be of good quality.
Moreover, we did not assess the single studies but based our
final results on the reporting in the SRs. Yet, as all SRs and
MAs come to quite similar conclusions, the probability of
overlooking a study, false reporting or interpreting is rather low. 

Conclusion

To summarize, the evidence on the use of acupuncture as
treatment for radiotherapy induced xerostomia is low. There is
no evidence for endpoints with objective assessment. For
subjective assessment, there are some data which may
completely be explained by the placebo effect. Some experts
therefore discuss whether acupuncture does not need traditional
acupoints but is more or less a question of the setting, the
interaction between therapist and patient, the shared believe in
De Qi and some self-effectiveness from the side of the patient.
Whether needling is needed at all remains unclear and
acupressure is established especially in the field of nursing.
Acupressure has the advantage of the patient being independent
from an acupuncturist. Moreover, it is cheaper, available nearly
at any time and place. Yet, the question is whether it is a good
idea to teach lay people acupoints belonging to a tradition,
which no longer is supported by scientific evidence? Enabling
patients to take over responsibility also entails increasing health
literacy, medical knowledge, and a notion of evidence-based
medicine to really empower patients. 
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